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O w 0. This invention relates to an improved process for 

preparing organic acid salts by the oxidative dehydrogena 
tion of certain Oxygen-containing organic compounds 
With an alkali metal compound. 
The oxidative dehydrogenation of an oxygen-contain- 15 

ing organic compound, such as a primary alcohol, in the 
presence of caustic, such as an alkali metal hydroxide to 
produce the salt of the corresponding organic acid is 
known. The process suffers, however, from low yields, 
especially in the oxidative dehydrogenation of the higher 20 
molecular weight oxygen-containing compounds, such as 
those obtained by the hydroformylation of the higher 
molecular weight olefins (the oxo process). The present 
invention overcomes the low yield disadvantages of the 
processes of the prior art. 25 

In accordance with the invention, high yields of an 
organic acid salt are obtained by a process which com 
prises contacting at least one oxygen-containing com 
pound reactant selected from the group consisting of pri 
mary alcohols, ethers having at least two hydrogen atoms 30 
on at least one of the carbon atoms adjacent to the ether 
OXygen atom, aldehydes, aldols and esters with an alkali 
metal compound selected from the class consisting of 
alkali metal oxides and hydroxides under oxidative de 
hydrogenation conditions in the presence of at least 0.1 35 
Weight percent solid carbon based on the amount of 
oxygen-containing compound reactant employed, said 
Solid carbon having a surface area between 25 and 1700 
Square meters per gram. 
The charge stock for the process of this invention can 40 

comprise any oxygen-containing organic compound se 
lected from the class consisting of primary alcohols, ethers 
having at least two hydrogen atoms on a carbon atom 
adjacent to the ether oxygen atom, aldehydes, aldols, 
esters and mixtures thereof. By a primary alcohol is 45 
meant any compound containing an hydroxyl group di 
rectly connected to a carbon atom having at least two 
Substituent hydrogen atoms. These oxygen-containing 
compounds can have between 1 and 40 carbon atoms per 
molecule. The preferred oxygen-containing organic com- 50 
pound reactants are those having between 4 and 20 car 
bon atoms per molecule. It is understood that the oxygen 
containing compound reactants defined above may be 
polyfunctional, if desired, and include compounds such 
as, for example, acetals and glycols where at least one of 65 
the oxygen atoms is directly connected to a carbon atom 
having two substituent hydrogen atoms. The oxygen 
containing compound reactants can be either straight or 
branched chain in structure. The charge stock can com 
prise a mixture of straight and branched chain primary 60 
alcohols, straight and branched chain aldehydes, admix 
tures of primary alcohols and aldehydes, together with 
esters, aldols and ethers as defined above, if desired. 
The oxygen-containing organic compounds can be ob 

tained from any suitable source. One suitable source in 
cludes the products obtained by the hydroformylation of 
olefins having between 2 and 39 carbon atoms per 
molecule. The hydroformylation reaction can be oper 
ated by methods well known in the art, such as those de- 7 
scribed, for example, in U.S. Patents 2,748,168 and 
2,743,302. In the hydroformylation reaction, the olefin 

65 

2 
is reacted in the presence of carbon monoxide and hy 
drogen to form a saturated aldehyde having one more 
carbon atom than the original olefin. The catalyst, for 
example, can be any cobalt compound or cobalt itself, 
supported or unsupported. Preferred catalysts are the 
hydrocarbon soluble cobalt salts of aliphatic carboxylic 
acids having from 8 to 16 carbon atoms. Examples of suit 
able catalysts include cobalt naphthenate and cobalt oc 
tanoate. The hydroformylation reaction generally occurs 
at a temperature between 110 and 200 C. and increased 
pressures of between 1500 and 4500 p.s.i.g. The hydro 
gen to carbon monoxide weight ratio will normally be 
about 1:1, although ratios between 0.8:1 and 5:1 can be 
employed. The hydroformylation reaction products are 
normally decobalted and then hydrogenated. The process 
of this invention is applicable to the treatment of the in 
termediate or final products of the hydroformylation 
reaction. 

Examples of suitable oxygen-containing compounds 
which can be used in the process of this invention include 
methyl alcohol; n-propyl alcohol; isobutyl alcohol; n 
decyl, alcohol; lauryl alcohol; myristyl alcohol, cetyl; alco 
hol; stearyl alcohol; benzyl alcohol; 3,7-dibutyl hexa 
decyl alcohol; cinnamyl alcohol; n-triacontanol; n-penta 
triacontanol; n-tetracontanol; ethylene glycol; 1,3- 
butanediol; glycerol; acetaldehyde; n-butyraldehyde; 
isovaleraldehyde; isooctylaldehyde; tridecylaldehyde; 
stearaldehyde; benzaldehyde; crotonaldehyde; 2,5-di 
pentyleicosanal, 4-tridecyldocosanal; 4-decyltriacontanal; 
aldol; 2-decyl-3-hydroxytetracosanal; 2-octyl-3-hydroxy 
dodecanal; 2-pentyl-3-hydroxynonanal; 2-isopropyl-3-hy 
droxy-5-methyl heXanal; 2-undecyl-3-hydroxynonadeca 
nal; 2-heneicosanyl-3-hydroxytetradecanal; 2-eiscosanyl 
3-hydroxyeicosanal; 1,1-didecoxydecane; 1,1-dipentoxy 
pentacosane; 1,1 - dioctoxytetracosane; ethyl acetate; 
methyl isovalerate; ethyl pelargonate; isopropyl stearate; 
methyl lignocerate; tetradecylhexadecanoate; heptadecyl 
octadecanoate; nonadecylheneicosanoate; diethyl ether; 
methyl butyl ether; di-n-hexyl ether; di-isooctyl ether; 
methyl decyl ether; di-dodecyl ether; ethylene glycol di 
methyl ether; decyl eicosyl ether; heptadecyl octadecyl 
ether; and pentacosyl pentadecyl ether. 
The solid carbon which is employed in the process of 

this invention can be any of the commercially pure solid 
carbons having a surface area between 25 and 1700 square 
meters per gram. It is preferred that the surface area be 
between 300 and 1200 square meters per gram and more 
preferred that the solid carbon have a surface area be 
tween 400 and 800. Suitable solid carbons include the 
active carbons, carbon black, charcoals, lampblacks and 
cokes. Diamond and graphite are unsuitable for use in 
the subject process. 
The commercially available high surface area carbons 

as defined above usually have a carbon content between 
about 85 and 100 percent, however, for bone charcoals 
and certain others the carbon content can be much lower. 
The carbon content of the solid carbon should be at least 
65 weight percent, is preferably at least 85, and more pref 
erably at least 90 weight percent. The remaining chemical 
constituents of the solid carbon vary considerably depend 
ing on the source from which the solid carbon is pre 
pared, such as blood, bones, wood, gas, petroleum hydro 
carbons, etc. Usually the solid carbons contain an inor 
ganic ash comprising primarily metallic oxides. However, 
varying amounts of phosphates, carbonates and sulfur 
derivatives thereof can also be present. For bone char 
coals, for example, calcium compounds are prevalent. 
The carbon can be prepared in any suitable manner, 

for example, by the carbonization in the presence or ab 
sence of an oxygen-containing gas of animal or vegetable 
matter, liquid or gaseous hydrocarbons by methods well 
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known in the art to produce, for example, active carbons, 
coke, carbon black, charcoal and lampblack. Methods of 
preparing these various forms of carbon can be found in 
the Kirk-Othmer "Encyclopedia of Chemical Technology' 
under "Carbon' in volumes 2 and 3 and the First Supple 
ment volume. 
The solid carbon is preferably in finely comminuted 

form. Carbon black and lampblack are normally in finely 
powered form having a particle size between 50 and 
5,000 angstroms. Graphite, coke and active carbon (in 
cluding charcoal) are usually available in larger sizes 
and are preferably ground to a mesh size between about 
4 and about 1,000 before use. 

Suitable commercially available carbons which can be 
employed in the process of this invention include (1) The 
"Darco' line sold by the Atlas Powder Company, and 
especially the active carbon Darco G-60 which is a highly 
purified carbon; (2) Type CXC and NXC sold by Colum 
bian Carbon; (3) Pittsburgh Chemical Company carbons 
designated as type C; SGL; RB; and BL; and (4) The 
West Virginia Pulp and Paper Company line of carbons 
designated as Nuchar A; types WA; C-115; D-115; 
C-145; C-190; and CEE. 
The amount of solid carbon to employ is at least 0.1 

Weight percent based on the oxygen-containing compound 
reactant. It is usual to employ between 0.1 and 10 weight 
percent solid carbon, and preferably between 0.2 and 2.0 
weight percent, and more preferably between 0.5 and 1.5 
weight percent. 
The alkali metal compound for this reaction can be 

any alkali metal compound selected from the class con 
sisting of alkali metal oxides and hydroxides. These in 
clude the oxides and hydroxides of sodium, lithium, 
potassium, rhubidium, cesium, francium, barium, cal 
cium, strontium, radium and magnesium. The preferred 
alkali metal oxides and hydroxides are those of Sodium 
and potassium. 
The amount of alkali metal compound to employ is sub 

stantially the stoichiometric requirement to oxidize all of 
the oxygen-containing compound reactants to the corre 
sponding acid salts. The mol ratio of the alkali metal 
compound to the oxygen-containing compound reactant 
can vary between about 0.5:1 and 4:1 and is preferably 
between 1:1 and 1.5:1. 
The function of the reaction temperature is to promote 

the rate of reaction. The reaction temperature can gen 
erally vary between about 175 and 400° C. The pre 
ferred temperatures depend to some degree upon the 
type of oxygen-containing compound reactant employed. 
For the oxidative dehydrogenation of aldehydes, a pre 
ferred reaction temperature is between 175 and 260' C. 
For the other oxygen-containing compound reactants de 
fined above, the preferred reaction temperature is between 
240 and 350° C. with the most preferred temperatures 
being between 320 and 330° C. 
The function of reaction pressure is to maintain the 

reactants in the liquid phase. The reaction pressure can 
vary over a wide range, for example, from 0 to 2,000 
p.s.i.g., or higher, with preferred reaction pressures be 
tween 75 and 750 p.s.i.g. The most preferred pressures are 
between 100 and 400 p.s.i.g. 
The reaction time can vary between 0.25 and 6 hours 

or more. Prolonged contacting times at elevated tempera 
tures promote decomposition of the soap products into 
undesirable side products such as carbonates. In general, 
the higher the temperature the shorter the maximum con 
tacting time. At temperatures of about 300° C., for ex 
ample, the preferred contacting times are between 1 and 
2 hours after preheating to reaction temperature. Longer 
contacting times within the broad range defined above 
can be employed at the lower reaction temperatures. 
The organic acid salt can be separated from the reac 

tion mass by any suitable means, such as solvent extrac 
tion. If desired, the organic salt can be converted to the 
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4. 
hydrochloric acid and the organic acid can thereafter be 
decanted or otherwise separated. 
The invention will be further described with reference 

to the following specific examples. In all of the examples, 
the solid carbon employed was Darco G-60, a commer 
cial active carbon sold by Atlas Powder Company. The 
specifications of this active carbon are given on Table I 
below. 

Table I 

Darco G-60 specifications: 
Surface area (square meters per gram) --- 500-700 
Bulk density (pounds per cubic foot) ---- 22-28 
Mesh size (approximate) 
% thru 100 mesh ------------------- 95 
% thru 325 mesh ------------------- 70 

Ash (Weight percent) ----------------- 3-4 
Water solubles (maximum in weight %) -- 0.3 
Acid solubles (maximum in weight %) -- 1.0 
Moisture content (maximum in weight 
%) ------------------------------ 12 

EXAMPLE 1. 

In this experiment, 390.5 grams (3 mols) of isooctyl 
alcohol and 124.0 grams (3.02 mols) of solid 97.5 per 
cent NaOH pellets were charged to a one-liter, Inconel 
lined, turbo-stirred autoclave. The isooctyl alcohol was 
prepared by the hydroformylation and subsequent hy 
drogenation of a mixture of branched chain heptenes. 
The mixture of branched chain heptenes was the 87 
C. to 94° C. fraction (ASTM D1078) of the product 
from the copolymerization of propylene and butene. The 
properties of the isooctyl are given on Table II below. 
The autoclave was purged of air with nitrogen and the 
stirrer started. The reaction mixture was heated to about 
285 C. and the pressure increased to 270 p.s.i.g. The 
pressure was maintained at 270 p.s.i.g. by the gradual 
release of the H2 formed, and the temperature increased 
from 285 to 305 C. After a one hour reaction period, 
evolution of H2 appeared to cease, and the pressure was 
gradually reduced (a perica of about 30 minutes) to 
200 p.s.i.g. while the temperature remained at 290° C. 
The acid salt was converted to isooctanoic acid by reac 
tion with aqueous HCl, and the products were separated 
and analyzed. The alcohol conversion was found to be 
91.2 mol percent, while the yield of isooctanoic acid 
was 77.0 mol percent. The efficiency was, therefore, 84.4 
mol percent. 

Table II-Typical inspections of alcohols 

Isooctyl Decyl 
Alcohol Alcohol 

Specific Gravity 20f20° C. (68°168° F.) - - - 0.833 0.838 
Color, APHIA (by ASTM D-209-54) 3 3 
Refractive Index, 12p20----------------- - - 1,4312 1.4386 
Sulfur, p.p.m.--------------------------------- 3 K1 
Water, percent by weight.--------------------- 0.020 0.020 
Acidity as Acetic Acid, percent by weight.---- 0.001 0.001 
C8 Carbonyl Content, percent by weight.----- 0.01 ------------ 
C10 Carbonyl Content, percent by Weight.----------------- 0.012 
Distillation, ASTM D1078: 

Initial Boiling Point, C----------------- 185 217.0 
Dry Point, C---------------------------- 183.5 220.3 

EXAMPLE 2 
Example 1 was repeated except 316.8 grams (2.43 

mols) of isooctyl alcohol and 82.1 grams (2 mols) of 
97.5 percent NaOH pellets were employed together with 
4 grams of Darco G-60 solid active carbon (1.26 weight 
percent based on the alcohol). The reaction time was 1.5 
hours while the temperature was maintained at 286 C. 
and the pressure at 270 p.s.i.g. The organic salt was con 
verted to the acid by reaction with dilute aqueous HCl. 
Analysis of the product showed an alcohol conversion of 
99.5 mol percent, based on the stoichiometric amount 
of alcohol, a 96.6 mol percent yield of acid, and an ef 

organic acid by treatment with a mineral acid such as 75 ficiency of 97.1 mol percent. In this example and the 
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ones to follow, an excess of alcohol over the stoichio 
metric amount required to react with the sodium hy 
droxide was employed. The alcohol conversion figures in 
this and succeeding examples are based only on the stoi 
chiometric amount of alcohol required. Thus, in this ex 
ample, the 99.5 mol percent alcohol conversion is based 
on 2 mols of alcohol (the stoichiometric amount since 
2 mols of sodium hydroxide were employed) rather than 
the actual 2.43 mols employed. 
A comparison of Example 2 with Example 1 shows 

the beneficial effect of the added solid carbon, for the 
conversion, efficiency and yield all increased. 

EXAMPLE 3 
Example 2 was repeated except the reaction time was 

reduced to one hour. The alcohol conversion based on 
the stoichiometric amount of alcohol was 94.9 mol per 
cent, the yield of acid was 91.4 Inol percent and the ef 
ficiency was 96.4 mol percent. 
A comparison of Example 3 with Example 2 shows 

that a lower reaction time results in a slight lowering of 
conversion and thus yield. 

EXAMPLE 4. 
Example 3 was repeated except the solid carbon con 

tained 6.5 percent by weight platinum and the reaction 
time was 2.5 hours. The alcohol conversion based on the 
stoichiometric amount of alcohol was 97.5 mol percent. 
The yield of acid was 92.3 mol percent, and the ef 
ficiency was 94.6 mol percent. 
A comparison of Example 4 with Example 3 shows 

the presence of platinum had essentially no effect on 
the action of the solid carbon. 

EXAMPLE 5 

Example 4 was repeated except the alcohol was an oxo 
decyl alcohol whose properties are also given on Table 
II above, the carbon black contained 6.07 weight percent 
platinum (0.24 gram), and the amount of carbon black 
based on the alcohol charge was 1.19 weight percent. 
The decyl alcohol was prepared by the hydroformylation 
and subsequent hydrogenation of a mixture of branched 
chain nonenes having an average of two methyl branches 
per molecule. The branched chain nonenes are the 138 
C. to 146° C. fraction (ASTM D1078) of the polym 
erization of propylene using a phosphoric acid catalyst, 
The properties of the decyl alcohol are given on Table 
II above. After a one-hour reaction period, the decyl 
alcohol conversion was 98.4 mol percent based on the 
stoichiometric amount of alcohol, the yield was 97.0 mol 
percent and the efficiency was 98.5 mol percent. 

Example 5 shows the use of solid carbon is also 
beneficial for the oxidative dehydrogenation of Co oxo 
alcohols. 

Resort may be had to such variations and modifica 
tions as fall within the spirit of the invention and the 
scope of the appended claims. 
We claim: 
1. A process for the preparation of a salt of at least 

one oxygen-containing organic acid from at least one 
oxygen-containing compound reactant selected from group 
consisting of unsubstituted aliphatic and unsubstituted 
monocyclic aralkyl primary alcohols having between 1 
and 40 carbon atoms; unsubstituted aliphatic and un 
substituted monocyclic aralkyl aldehydes having between 
1 and 40 carbon atoms; unsubstituted aliphatic aldols hav 
ing between 1 and 40 carbon atoms; unsubstituted ali 
phatic acetals having between 1 and 40 carbon atoms and 
at least two hydrogen atoms on at least one of the carbon 
atoms adjacent to at least one of the ether oxygen atoms; 
unsubstituted aliphatic monoethers having between 1 and 
40 carbon atoms and at least two hydrogen atoms on at 
least one of the carbon atoms adjacent to the ether oxy 
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6 
gen atom; and organic esters having between 1 and 40 
carbon atoms wherein the acid and alcohol portions of 
the ester are aliphatic hydrocarbon radicals comprising 
contacting said oxygen-containing compound reactant in 
the liquid phase with an alkali metal compound selected 
from the group consisting of alkali metal oxides and hy 
droxides under oxidative dehydrogenation conditions in 
cluding a temperature between 175 and 400° C. and a 
pressure sufficient to maintain the reactants in the liquid 
phase in the presence of at least 0.1 weight percent solid 
carbon based on the amount of said oxygen-containing 
compound reactant, said solid carbon having a surface 
area between 25 and 1700 square meters per gram. 

2. A process according to claim 1 wherein said oxy 
gen-containing compound reactant has between 4 and 20 
carbon atoms per molecule. 

3. A process according to claim 1 wherein the alkali 
metal compound employed is sodium hydroxide. 

4. A process according to claim 1 wherein the solid 
carbon employed has a surface area between 300 and 
1200 square meters per gram. 

5. A process according to claim 4 wherein the oxygen 
containing compound reactant has between 4 and 20 car 
bon atoms per molecule. 

6. A process for the preparation of a salt of an organic 
acid from at least one unsubstituted aliphatic or mono 
cyclic aralkyl primary alcohol having between 1 and 40 
carbon atoms comprising contacting said alcohol in the 
liquid phase with an alkali metal compound selected from 
the group consisting of alkali metal oxides and hydroxides 
under oxidative dehydrogenation conditions including a 
temperature between 175 and 400° C. and a pressure 
sufficient to maintain the reactants in the liquid phase in 
the presence of at least 0.1 weight percent solid carbon 
based on the amount of said oxygen-containing compound 
reactant, said solid carbon having a surface area between 
25 and 1700 square meters per gram. 

7. A process according to claim 6 wherein the primary 
alcohol has between 4 and 20 carbon atoms per molecule. 

8. A process according to claim 7 wherein the solid car 
bon has a surface area between 300 and 1200 square 
meters per gram. 

9. A process according to claim 3 wherein the amount 
of solid carbon is between 0.1 and 10 weight percent based 
on the alcohol. 

10. A process according to claim 9 wherein the alkali 
metal compound is sodium hydroxide. 

11. A process according to claim 6 wherein the primary 
alcohol is isooctyl alcohol. 

12. A process according to claim 6 wherein the primary 
alcohol is decyl alcohol. 

13. A process according to claim 10 wherein the pri 
mary alcohol is isooctyl alcohol. 

14. A process according to claim 10 wherein the pri 
mary alcohol is decyl alcohol. 

15. A process according to claim 1 wherein the solid 
carbon is in a finely comminuted form. 

16. A process according to claim 15 wherein the solid 
carbon has a mesh size between 4 and 1000. 
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